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Department of Pathology, Royal College of Surgeons of England, London , England 
Guinea pigs were sensitized to potassium dichromate, nickel sulfate and sodium zirco-
ni urn lactate by three methods of immunization in Freund's complete adjuvant: Polak, split 
adjuvant, and maximization (modified Magnusson and Kligman). These were followed after 
2 weeks by weekly intradermal injections of 25 J.l.g of the metal salt. Delayed hypersensitiv-
ity-like reactions developed 3 to 12 weeks after initial injection. Reactivity, although strong 
with an increase in thickness of over 0. 7 mm and/or diameter of erythema of over 8 x 8 mm, 
was frequently transient, the animal losing reactivity on subsequent skin test or after 2 or 3 
skin tests. ln two-thirds of the experiments using sodium zirconium lactate, delayed 
hypersensitivity-like reactions at 24 hr developed into nodular lesions which reached peak 
intensity at days and histologically contained histiocytes with an epithelioid cell appear-
ance and giant cells. In some experiments, sodium zirconium lactate-sensitive animals 
showed cross reactivity with potassium dichromate, but not with nickel sulfate. 
Delayed hypersensitivity to chromium (Crl salts 
is a regularly reproducible phenomenon both in 
man and in the guinea pig [ 1). Nickel (Nil sensi-
tivity, although regularly encountered in the 
clime. is far less well documented in experimental 
models. Sensitivity to Cr and Ni in man can be 
detected by patch testing and a similru· state of 
contact sensiti,·ity to Cr can also be induced exper-
imentally. 
ln the last 20 yars, there have been a number of 
reports of the development of granulomatous hy-
persensitivity in humans exposed to, or injected 
mtradermallv with, sodium zirconium lactate 12-
-1]. Histologically. these reactions developed an 
epithelioid cell appearance with giant cells, which 
reached maximum intensity weeks after chal-
lenge \51. Desp1te the potential significance of an 
animal model m the study of this unique form of 
tmmunologic reaction, repeated attempts have 
failed to induce a similar granulomatous hyper-
sensitivity reaction in guinea pigs, mice, rabbits, 
hamsters, and rats [6]. 
In earlier work on the sensitization of guinea 
pigs to metals <K~CrtO, . BeF2, and HgClJ, it had 
been found that there was a genetic basis for the 
development of reactivity 17). Before testing se-
lected protocols for sensitization to zirconium in 
outbred guinea pigs, it was necessary therefor e t.o 
test them against chromium (K2Cr20,l, to which 
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sensitization could be readily obtained, and nickel 
sulfate for which there were only scattered reports 
of successful sensitization in the literature I ]. 
Three immunization protocol were dev1sed. 
These were based on (lJ the method prevwusly 
used to sensi tizc guinea pigs to K"Cr "0 ' 17) <Polak 
methodJ; (2l the guinea pig maximization test [8]; 
and !3l the split adjuvant technique \9]. 
MATERIALS AND METHODS 
An1mals 
Outbred Hartley-strain guinea pigs !400 gm IOJ-
tially l were used from a colony kept at the Royal Col-
lege of Surgeons or purchased from Messrs. A. Turk 
and Sons Ltd .. Rayleigh, Essex. Animals were fed on a 
pelleted diet. RGP. <E. Dixon and Sons. Ware. Hertsl 
and given water and cabbage ad libitum. 
Metal Salts 
Potassium d1chromate !K~Cr~O,l Analar and nickel 
sulfate <NiS04 x H~O l Analar were obtained from BDH 
Chemicals Lt.d. .. Poole, England. Sodium zirconium lac-
tate (NaZrLl was obtained from Procter & Gamble. 
Cincinnati , Ohio, U.S.A. and analyzed and confirmed 
for metal content by Dr. A. Wolstenholme of British 
Aluminum Company, Research Laboratories, Chalfont 
Park. England. The sample used contained less than 
0.001 ~ contamination with Cr by atomic absorption 
spectrometry. No metals other than Na and Zr were 
detected by the DC arc technique. 
lmmunrzatwn Protocols 
Polak method . Day 0: Four footpad illJecuon of 0.1 
ml of an emulsion contaming 2 mglml of the salt m 
Freund's complete adjuvant <FCAl (DJfco. Mycobacte-
rwm butyncum 1. ln addition. 0.1 ml of the emulsion 
was inJe~ted into the nape of the neck. The animals 
received a total of 1 mg of the metal salt. 
Day 14: Skin test by injecting intraderrna\ly 25 11-g of 
metal salt in 0.1 m] of saline into shaved nank. This 
was repeated weekly up to 13 weeks. 
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Split adJumnt method. Day 0: FCA (0.05 ml) was 
injected into 5 sites on the dorsal shaved nank of the 
guinea pig. 
Day 1: One-tenth milliliter of metal salt (100 JLgl 
injected intradermally into each of the 5 adjuvant sites 
tt.otal , 500 JLg of metal salt). 
Day 14: Weekly skin testing as descr ibed above, for 
up to 13 weeks. 
Maximization method. Day 0: Guinea pigs received 2 
of each of the 3 following injections intradermally into 
t he shaved back of the neck: 0.1 ml ofDifco FCA (Myco. 
butyricum l; 0.1 ml of 1% metal salt in saline; 0.1 ml of a 
final concentration of 1% metal salt in FCA. 
Day 14: Weekly skin testing as described above for up 
to 13 weeks. 
Skin T est Readings 
Skin test sites were observed at 4 hr and at 24 a nd 48 
hr. After the development of sensitization, they were 
read at 3, 6, 7, 8. 9, and 10 days. The following parame-
ters were recorded: increase in skin thickness. using 
the Schnelltii.ster, Kroplin A02T. Schli.ichtern. Ger-
many; diameter of erythema; intensity of erythema. 
Reactions were not considered positive unless they 
had a diameter of over 8 x 8 mm or an increase in skin 
thickness of over 0. 7 mm. 
Parallel control readings (in normal nonimmunized 
animals) for K2Cr20 , at 24 hr were diameter of ery-
thema, 2.1 =: 2.7 mm; increase in skin thickness. 0.09 :t 
0.05 rom; for NiSO. diameter of erythema. 2.0 :!:: 3.1 
mm; increase in skin thickness. 0.17::: 0.08 mm; and for 
NaZrL diameter 2.0 ::: 2.6 mm; increase in skin thick-
ness 0.21 ::: 0.14 mm. At 7 days there was no increase in 
skin thickness (over 0.1 mm) with either NaZrL or 
K2Cr"01. 
HtstologLC Examuwtion of T issues 
Skin reaction s ites from sensitized animals and injec-
tion sites from control animals 24 and 48 hr and 8 days 
after injection were taken for histologic examination . 
They were fiXed in Bouin's solution, sectioned at 5 JL, 
and stained with hematoxylin and eosin. 
RESULTS 
Comparison of the Three Protocols for the 
Development of Delayed HypersensitiL'ily to Cr , 
Ni. and Zr 
The three different protocols used in parallel 
experiments for each metal salt produced varying 
degrees of sensitivity according to the metal used 
(Tab. 1). It can be seen that, although the "Polak" 
protocol produced the highest incidence of sens itiv-
ity to Cr , it failed to sensitize animals to the Ni 
salt. The maximization protocol produced little or 
no sensitization with Cr and Ni. All three proto-
cols produced sensitivity to Zr. However, sensitiv-
ity developed earlier in animals sensitized by the 
Polak method. Reactions at 24 and 48 hr were 
typically erythematous and indurated. No Arthus 
type component was observed at 4 hr. 
Table II shows the time course of the develop-
ment of sensitivity to Zr in five subsequent experi-
ments in animals sensitized to NaZrL by the Polak 
method. It can be seen that the time for animals to 
develop sensitivity varied from experiment to ex-
periment. In some of the experiments, sensitivity 
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TABLE I. Comparison of three different sensitization 
schedules for K ,f::r201. N iSO •• and NaZrL 
Ratios represent proportion of animals sensitized. 
Positive reactions are those with diameter of erythema 
over 8 x 8 mm or increase in skin thickness over 0. 7 mm 




of sensiti- Split adjuvant Maximization Polak zation 
KtCr,O , 
2 1/6 0/6 0/12 
3 2/6 0/6 l/12 
4 0/6 0/6 3/12 
5 3/6 0/6 3/12 
6 2/6 0/6 6/12 
7 1/6 0/6 5/12 
N iSO, 
2 1/6 0/6 0!6 
3 1/5 0/6 0/6 
4 3/5 1/6 0/6 
5 2/5 0/6 0/6 
NaZrL 
2 0/6 0/6 0!6 
3 1/6 0/6 0/5 
4 0/6 0/6 0/4 
5 0/6 0/6 2/4 
6 2/6 1/6 2/4 
7 2/6 2/5 3/4 
8 6/6 4/5 4/4 
was transient, returning again many weeks after 
animals had lost their sensitivity. ln most situa-
tions individual sensitive guinea pigs lost sensitiv-
ity and regained it after a period of time. Those 
animals that regained sensitivity after having lost 
it were generally the stronger reactors. Occasion-
ally, animals that had failed to show sensitivity on 
an earlier experiment would be found to develop 
sensitivity on a later one. However the return of 
sensitivity was also a group phenomenon, in that 
when it occurred it frequently affected between 1/ 3 
and 1/ 2 of the animals in the group at the same 
time. The transient nature of sensitivity to zirco-
nium appears to be a feature of sensitivity to met-
als in guinea pigs, as a similar transient sensitiv-
ity was found with K~Cr20, and NiSO, (Tab. l l. 
In two experiments, animals sensitized with 
NaZrL in a course starting 8 and 10 weeks previ-
ously, were found to react strongly to KtCr~O, 
with delayed hypersensitivity-like reactions. 
Cross reactivity to NiSO~ was not detected. In one 
of these experiments all the Zr-sensitive animals 
reacted to Cr as well. In the second experiment 
there was no correlation between the intensity of 
reaction to Zr and that to Cr. Three strong reactors 
to Zr reacted with Cr as well. Three failed to react 
with Cr. Four animals that reacted to Zr, although 
below the arbitrary levels accepted for experimen-
tal purposes, produced strong reactions to Cr . 
Twenty-four-hour reactions to both Zr and Cr were 
in all cases accepted as being positive only if the 
area of erythema was over 8 x 8 mrn or the in-
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TABLE Il. Proportion of animals sensitive to NaZrL 
Positive reactions are those with diameter of erythema over 8 x 8 mm or increase in skin thickness over 0. 7 mm 
at 24 hr after skin testing with 25 p.g. 
Ex per- Weeks after immunization 
Lment 3 4 5 6 7 
2 4/12 1/12 2/11 0/10 0/10 
3 2/11 1/11 1/9 4/9 0/9 
4 0/12 0/12 0112 0/12 0112 
5 2/16 8/15 
6 0/18 2/18 6/18 14/18 
TABLE ill. Cross reacticity to K.j;r.f)7 in NaZrL-
sensitized anunals 
Ratios represent proportion of animals sensitized. 
Positive reactions are those with area of erythema over 
8 x 8 mm or increase in skin thickness over 0. 7 mm at 
24 hr after skin testing with 25 f.Lg. 
Sensi- Week Reactive to: after tiza- Exp. im-lion No. 
muni- Zr+Cr Zr Cr Ni with: 
zation alone alone 
Zr 4 10 6/12 0/]2 0/12 0/12 
Zr 5 8 3/15 3/15 4/15 ND 
Zr 9 5 1/12 6/12 0/12 ND 
Cr 3 0/12 0/12 8/12 0/12 
crease in skin thickness over 0.7 mm. In practice, 
all positive reactors showed diameters of erythema 
between 9 mm and 12 mm. Animals sensitized 
with K~Cr20, showed no cross reactivity to either 
NaZrL or NiS0 1 (Tab. III!. 
Granuloma Det•elopment in Guinea Pigs 
Sensitized u•ith NaZrL 
In 3 out of 4 experiments, (24 animals), the 
delayed hypersensitivity-like reaction persisted 
over the 48-hr per.iod and continued to increase in 
skin thickness. This increase reached a maximum 
between 6 and 8 days after skin test injection 
(Figs. 1, 2). 
In one series of experiments, NaZrL-sensitized 
guinea pigs were skin tested with K2Cr~O, and 
showed a similar development of a nodular granu-
loma (Fig. 2l. At no time was a late granuloma 
found to develop to K~Cr20, or NiSO~ in animals 
sensitized with these salts. 
Histologic Appearance of Skin R eactions 
Delayed hypersensitivity-like reactions to 
NaZrL were examined microscopically at 24 and 48 
hr after skin test. The reaction seen was a mixed 
granulocytic and mononuclear cell reaction maxi-
mal between the dermis and the panniculus carno-
sus, extending upwards into the dermis (Fig. 3). 
The microscopic appearance of the nodular granu-
lomas 8 days after skin testing with NaZrL was of 
macro phages, epithelioid-like histiocytes, lympho-
cytes, and multinucleate giant cells. ln addition, 
there was frequently an infiltrate with polymor-
8 9 10 11 12 13 
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Frc . 1. Development of granuloma follow ing intra-
dermal skin test with 25 f.Lg of NaZrL in guinea pigs 
immunized 8 weeks previously with sodium zirconium 
lactate using the Polak method. 
phonuclear leukocytes (Fig. 4l. The nodular gran-
ulomas induced with K2Cr~07 in NaZrL-sensitized 
guinea pigs showed a similar appearance with 
macro phages, epithelioid-! ike histiocytes, lympho-
cytes, polymorphonuclear leukocytes and occa-
sional multinucleate giant cells (Fig. 5). 
DISCUSSION 
K~Cr~07, NiSO~. and NaZrL are established as 
allergic sensitizing agents in man. Whereas 
K2Cr~O, and NiSO~ produce a more superficial 
eczematous reaction, the reaction to NaZrL is typi-
cally that of a deep nodular granuloma associated 
with epithelioid cell infiltration. The present se-
ries of investigations was initiated to develop an 
animal model of sensitization to Zr salts as no such 
model had yet been described. Three protocols 
were chosen and compared in attempts to sensitize 
guinea pigs to Cr , Ni, and Zr. Certain differences 
were observed. In the first place, it frequently took 
longer to sensitize guinea pigs to Zr than to Cr or 
Ni , but all three protocols induced delayed hyper-
sensitivity-like reactions to Zr. However, the best 
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FIG. 2. Development of nodular granulomas follow-
ing intradermal skin test with 25 fl.g of NaZrL (e --
e) and 25 fl.g of K2Cr20 , (e - - -e ) in guinea pigs 
sensitized with NaZrL by the Polak method 8 weeks 
previously. 
FJG. 3. Forty-eight-hour skin reaction in animals 
tested with 25 fl.g of NaZrL 6 weeks after immunization 
with NaZrL. Mononuclear cell reaction with some 
granulocytes (hematoxylin & eosin; x 140). 
simple immunization with the metal salt in FCA 
foll owed in 2 weeks by weekly intradermal skin 
tests with 25 p.g of the sal t in solution, referred to 
here as the Polak method. For Ni , however , a 
modification of the split adjuvant technique 19] 
was found to be the only effective method. A modi-
fication of the maximization technique of Magnus-
son and Kligman [8] was not found to be as effec-
tive as the Polak method for Cr or Zr. 
With all three metals the reactivity observed 
was often transient. This transience was most no-
ticeable with Zr in that sensitivity that had been 
lost early in the sensitization protocol might re-
turn later in the course of weekly skin tests. The 
transience of sensitivity to Zr found in a series of 
experiments could be due to a very fme balance in 
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FtG. 4. Seven-day skin reaction in animals tested 
with 25 fl.g of NaZrL 11 weeks after immunization with 
NaZrL by the Polak method. The nodular granuloma is 
situated in t he fat layer between the collagen of the 
dermis and the panniculus carnosus. The large spaces 
are fat cells (hematoxylin & eosin; x 200) . 
.. · . ...... -~ 
.. ~ · -:....: 
• ~ - <( 
the stimulation of suppressor cells and eflector 
cells by the immunization method used [10]. It 
might be related also to the frequency of skin tests 
performed both to assess the degree of sensitivity 
and to boost the immune response. It is unlikely 
that a state of immunologic tolerance or clone 
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elimination had been induced, as reactivity fre-
quently returned following further skin tests. 
Although allergic granulomas to Zr can begin to 
develop in man between 1 and 3 weeks a.fter skin 
testing, they appear not to develop a typical epi-
thelioid cell picture until between 4 and 8 weeks 
l5). The nodular granulomatous type lesion in-
duced in Zr-sensitive guinea pigs was found to 
have a differen t and less protracted time course, 
reaching maximum size between 6 and 8 days 
after skin testing; it then began to decrease rap-
idly over the subsequent week. Histologically, 
however. despite the additional presence of granu-
locytes more typical of an acute inflammatory 
process. the histiocytes showed a superficial re-
semblance to epithelioid cells and there was also 
the presence of multinucleate gi.ant cells in the 
infiltrate. As the epithelioid cell appearance of 
these cells was not confirmed by electron micros-
copy, the relationship of this type of lesion to the 
epithelioid cell granuloma seen in man must be a 
matter of conjecture. Nodular lesions of this type 
are not normally seen as part of the pattern of 
delayed hypersensitivity reactions in guinea pigs 
or other experimental animals. 
The development of these more chronic lesions 
could be the result of increased retention of the 
metal in the tissues or be due to the metal produc-
ing irreversible changes in the chemical structure 
of collagen or other tissues. The relationship of 
this type of granuloma to the disseminated granu-
lomata described by Chase lll) in guinea pigs 
injected with mycobacteria in hydrocarbons 
should be discussed. These granulomata have a 
similar histologic appearance and can develop at 
the site of a cutaneous insult such as a contact 
sensitivity reaction. It is unlikely, however, that 
the granulomata that develop in relation to the 
delayed hypersensitivity reactions to NaZrL are of 
this type. ''Disseminated granulomata" occur only 
in certain colonies of guinea pigs such as that held 
by Chase at the Rockefeller Institute. Such a reac-
tion, which is characterized by the spontaneous 
development of granulomata following treatment 
with mycobacteria in hydrocarbons, was never 
seen in the colonies of guinea pigs in our experi-
ments. and seeding of granulomata to sites of con-
tact sensitivity is described as occurring only after 
nodular lesions have flrst developed spontaneously 
on the legs or genitalia [11]. 
An unexpected feature of this type of sensitivity 
was the finding that animals that developed nodu-
lar granulomas to NaZrL would also develop simi-
lar lesions when skin was tested with K~Cr207 • 
This of course brings into question the specificity 
and overall immunologic origin of these lesions. 
The immunologic basis of the 24- and 48-hr compo-
nents of the reaction to NaZrL is also uncertain as 
the animals reacted similarly to K2Cr20,. How-
ever , these animals did not react to NiSO~. nor 
were animals sensitized with K2Cr20 7 cross sensi-
tized to NaZrL. A clue to this phenomenon may be 
that both chromium and zirconium salts are used 
as tanning agents ll2]. Their action, as such, could 
be that of changing the tertiary structure of colla-
gen in the skin. This could result in a similar 
change in antigenicity of collagen as a result of the 
same type of exposure of previously hidden anti-
genic determinants. However, at the present time, 
this must be purely conjectural. It is hoped that 
the immunologic basis of these skin reactions will 
be elucidated further by passive transfer experi-
ments. 
We wish to thank Miss Margaret Jacques for her 
excellent technical assistance. 
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